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COMPLETE SPECIFICATION 

Substituted benzylphenyl sulfides and their 
use as antioxidants 
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We, Unieoyal Inc., i corporation organised 
and nrrsring under the laws of the State of 
New Jersey, one of the United States of 
America, of ,1230 Avenue of the Americas, 
New York, State of New York, United States 
of America, do hereby declare the invention, 
fox which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be parricuiarly described 
in and by the following statement: — 

This invention is concerned with 2-hydroxy- 
3>dihydrocarbylben»yI 3>5^ihydrocarbyl-4- 
hydroxyphenyl sulfides and process for their 
preparation. 

The compounds of the present invention 
display good antioxidant activity when utilized 
to prevent oxidative deterioration in various 
organic materials, e.g. rubber, plastics, fats and 
petroleum products. 

The compounds of the present invention 
may be represented by the formula : 



in which and Re arc as defined above and 
X represents a benzothia2alyl sulfide radical, 
or an N^-duliyldithioearbamate group hav- 
ing the formula 

S y 



35 



— S- 



-NR 3 R, 



in which and R e arc lower alkyl groups 
(preferably having from 1 to 5 carbon atoms) 
with (B) a mercaptophenol of the formula: 



40 



25 



30 



'Off 



wherein Ri, R*, R. and R« represent alkyl 
groups of 1 to 12 carbon atoms each, cycloalfcyi 
groups of 6 to 8 carbon atoms each or aralkyl 
groups of 7 to 9 carbon atoms each. IL may 
also be hydrogen. 

These compounds may be prepared by any 
convenient process. A preferred process of 
matang the compounds comprises the reaction 
of (A; a compound of the general formula: 



in which R 3 and R< are as defined above under 
alkaline conditions according to the following 
equation: 



art 



4 & 




45 
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It is preferred ra use equimolar amounts 
of the compound designated a* A above, the 
mercaptophenol B and the alkali metal hydrox- 
ide, which 1$ preferably sodium hydroxide 
5 The reaction is conveniently carried out in 
in aqueous reaction medium. The reaction 
medium preferably contains a water-miscible 
solvent such as t lower alkanol or ether such 
as methanol, ethanol, isopropanoi, dioxane- 
10 or ethylene glycol dimethyl ether. The reaction 
is preferably effected at a temperature from 
room temperature to 100°C 

Preferred solvent* for the reaction are 
methanol, ctbanol and tsopropanoL The pre- 
15 fcrred lernpcxarure is in the range of 50°C 
to 100°C, the reaction ordinarily being carried 
our at or scar the reflux temperature of the 
solution. The preferred rime of the reaction is 
up to four hours, although longer times may be 
20 used but are not necessary, the reaction gen- 
erally being complete in 30 minutes or less. 

The reaction may also be carried out in a 
two-phase system such as benzene- water or 
xylene-water using vigorous agitation, Al- 
25 though longer reaction times are generally em- 
ployed than in homogeneous solution, this 
heterogeneous system has the advantage of 
providing a simplified recovery procedure. In 
such a two-phase system, the product is sol- 
30 uble in the organic phase which can be readily 
separated from the aqueous phase containing 
the alkali metal diollryldithiocarbamate ox the 
alkali metal salt of 2-mercapcobenzothiazole. 
The product is then obtained by removing the 
35 solvent from tie organic phase. 

The intermediate 2 - hydroxy - 3,5 - di- 
hydrocarbylbcnzyl benzothiazolyl sulfides may 
be prepared by reacting one molar equivalent 
of a 2,4-dihydrocarbyIpnenol of the general 
40 formula : 



in which Rj and Rz arc as defined above with 
one molar equivalent of formaldehyde and one 
molar equivalent of 2-m«captobcnxothuzo]e 
45 under acid conditions in a reaction similar to 
that described in U.S. patents 2,134,957 and 
2,150,463. 

The 2,4-dihydrocarbyiphenols which may 
be used in the preparation of the intermediates 

50 include: 2,4-dimcrhylphenol; 2 - methyl - 4 - 
t - butyiphenoi; 2 - i - butyl - 4 - methyi- 
phenol; 2,4 - di - t - burylphenol; 2 - mcthyl- 
4 - cyclohexylphenol; 2 - cydohexyl - 4 - 
mctbylphenol; 2,4-dicydchexylphcnol; 2 - 

55 methyl - 4 - cycloocrylphenol; 2 - eydcoctyi - 
4 - methylphenoJ; 2,4 - aacyclooctylphenol; 



2 - methyl - 4 - 1 - ocxylphenol; 2 - 1 - oayl - 
4 - methylphenol; 2,4 - di - t - cayiphenol; 
2 - nonyt - 4 - methylphasal; 2,4 - dinonyi- 
phenol; 2 - dodecyi - 4 - metbyiphesol; 2,4 - 60 
cMc^ccyiphenol; 2 - (alpha * methylbenxyl) - 
4 - metbyiphesol; 2,4 - di(alpha - medrji- 
benzyQpheno]; 2 • (alphs^Ipha - cumerhyi- 
benryl) . 4 • mcchyrpnrnnl ; and 2/ - di(alpha, 
alpha - dirnethyIbenzyl)phenol. 65 

The mterrncdute 2 - hydroxy - 3,5 - di- 
hydrocarbylbcnzyl N,N - dialkyldithiocarbam- 
ates may be prepared by reacting a compound 
of the formula : 



70 



with carbon disulfide. 

The mercaptonhenols which may be used 
include: 2,6 - dimethyl - 4 - mercaprophenol; 
2,6 - diisopropyl - 4 - mercaprophenol; 2 - 
methyl - 4 - mcrcapto - 6 - t - butyiphenoi; 75 
2,6 - di - sec - butyl - 4 - rnercaptophenol; 
2,6* - di - t - butyl - 4 - mercaptophenol; 2 - 
methyl - 4 - mercapco - 6 - 1 - ocryipbcnolj 2 - 
methyl - 4 - mercapto - 6 - cyriohexylpbcnol; 
2,6 - dieydooctyj - 4 - mercaptophenol; 2,6 - 80 
di(alphamcthyiuadecyl) - 4 - mercaptorxhenoi; 
2 - methyl - 4 - meraif.to - 6 - (alpha - methyl- 
benzyl)phenol; 2 - methyl - 4 - mercapto - 6 - 
(alrJxayalpha - dimechylben2yi)phcnoli 2 - 
methyl - 4 - mercaptophenol; 2 - isopropyl - 85 
4 - mercaptophenol; 2 - t - butyl - 4 - mer- 
caprophenol; 2 - (alpha - merhylundecyi) - 
4 - mercaptophenol; - 2 - cyciooctyl - 4 - 
mercaptophenol and 2 . (alpha - methyl- 
benzyl) - 4 - mercaptophenoL 90 

The invention will now be illustrated with 
reference to the following examples. 

Example 1 

The preparation of 2 - hydroxy - 3 - t - 
butyl - 5 - methylbearyl 3,5 - diisopropyl - 95 
4 - bydroxyphenyl sulfide. 

To a solution of 21 g. (0.1 mole) of 2,6 - 
diisopropyl - 4 - mercaptophenol and 8 g. 
(0.1 mole) of 50% aqueous sodium hydroride 
m 150 ml. of ethanol was added 34.3 g. of 100 
2 - hydroxy - 3 - t - butyl - 5 - methylbcnzy] 
2 - brnzothiazniyi sulfide. The reaction mix- 
ture was refluxed gently for 20 minutes, cooled 
and poured into cold water. The product which 
separated was extracted with ether, dried with 105 
anhydrous sodium sulfate and evaporated 
down to a crystalline residue. The crystalline 
mass was broken up and washed with hcxane 
yielding 32 g. ($3%) of 2 - hydroxy . 3 - 1 - 
butyl - 5 - methylbenzyl 3,5 - diisopropyl - 110 
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Analysis: 
5 CalCd. for QA.0,5: 

_ Example 2 

u «. prep V* don of 2 ■ hydroxy - 3 - (« - 
10 mttMbauyl) - 5 - methylbiuyll - methyl - 
* - 5 - t - butylphenyl sulfide, 

i - M«hyi - 4 - mercapto - 6 . t - butyl- 
pheaol was reacted with 2 - hydroxy . 3 .(1. 

15 nrayldithioMrb^teinthenuaaerdewilwd 
in example l to yield 2 - hydroxy - 
mcriyfcenzyl) 5 . mcthylbS^ - methyl - 

94-95 »ft* reery»alliMtioa from haane. 
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20 Analysis; 

CalCd.forC.^O^: 

Example 3 

5 - t . butylbcniyl 3 . methyl -4 . hyS . 
t - butylphenyl sulfide. 7 

2 - Methyl - 4 -mercapto - 6 - t - butyi- 
phenol was reacted with 2 - hydroxy - 3 . 
30 methyl -5 . t . butylben^ nj^ m ffihyi. 
thiocarbamatc in the manner desaflbedM ex- 

5 - 1 . butyteewyl 3 - methyl - 4 - hydroxy - 
5 . t - butylphenyl wmde> ,' W7 vi^ 0 ^. 

35 Analysis: 

CalCd.forC M H, l O,S: 

r ^ #<? WJ °5%H 3-60; y.S, 8.60 
Found: %C, 74J9; %K, 8.67,' •^S, H.!* 

Example 4 
The preparation of 2 hydroxy - 3 . t - 

>1aIL z : ^Pnwyl sulfide, 
nsll. ^ * 4 / merca P» - 6 - t . butyl- 

« £.. , r , ssay;'rtBitS 

twizyl 3 - methyl - 4 - hydroxy . 5 . r WmS 



40 



4«arvn>: 
CalCd. for C^O-S: 

%C, 74.20; %H, 8.60; •/* 8.6ft 
Found: %C, 74.14; %«, 5.84;' 8.6f 

ExaMPls S 55 
n>e preparation of 2 hydroxy - 3 . 

^methyl . 4 . hydroxy . 5 - t . butyfcSyl 

^hi.Ii MeliyI • 4 - ««»pto - 6 - t - butyl. 60 
phew i *as reacted with 2 . hydroxy V3. 

2 w^^W?/ 0 .- 5 * »«hylbe«yl 
2 - beazothuzolyl sulfide in the maoser des- 
aibed in example 1 to yield 2 - hydroxy - 3 - 
CUA3 - Wrametnyiburyl) - 5 - methyl- 65 
te»yl 5 - methyl - 4 - hydroxy . 5 77 . 
butylphenyl sulfide as , ygcous «1 

EXAMPLE 6 
The preparation of 2 - hydroxy - 3 . r 

19^.* mt - , 3 :"?* Mcnon *** was placed 
19.6 8- (0.1 mole) of 2 - methyl - 4 - 11.^0- 

50% aqueous sodium fc4£d£ loo t? 3 

^""riand heated at 70»C. for four hours. 80 
The nurture ws 4 then cooled and the beacne 
Uytr was separated. It was washed vrith^roT 
dried w,th anhydrous sodium XcTdS 
orated down to a solid residue. The Drodu« 

tovTO U W k8M hes » e « Kill 85 
("%) of 2 . hydroxy - 3 . t . burW . 5 
methylbenzyl 3 - methyl . 4 - hyS - 5 - 
* - butylphenyl sulfide, m.p. 92— ^T 7 5 

Example 7 
The preparation of 2 - hydroxy - 3 

^^W/hfeox^T^lr s*" 

meAylbcnayl 2 . benzothi i20 lyi sulfide in mc" 05 
H" d « eribcd J" «raP»e 1 to yield 2 - 95 

: 3 : V - 5 • methylbenzyl 3 - 
£*thyl - 4 - hydroxyphenyl sulfide a, fSeous 

Example 8 , on 

of a compound of this inyention as an antioxi- 
dant for natural rubber. *' 
A naturil rubber composition wa s prepared 
»n accordance wiUi the foDowing rec«5e; 105 



■ t - 

■ 4 - 



90 
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Manerbatch #1 Masterbaxch #2 



Pale otpe 


93.65 


Pale crepe 90.0 


Tj^g oaridc 


10.00 


Tctnmrrhyl thiuram 
nxonosulfide 10.0 


Lithopone 


60.00 


100.0 


Rncly divided CaCO, 




(Whiring) 


60.00 




Zinc lauratc 


0.50 




Sulfur 


3.00 




Masterbatch #2 


1.50 
233.65 





> The antioxidants (1 part) were then milled far 48 hours at 70°C The percent mention 

into 233.65 parts of masterbatch #d and of tensile strength after aging demonstrates 

tamplrs were cured at 274°F. for 20 minutes, the activity of the compounds as rubber anti- 

5 Tensile bars were aged in an oxygen bomb om d a n ts. 





Compound 


% Tensile retained 


(1) 


none 


59 


(2) 


3-metbyi-4-hydroxy-5-t-butylbenzTi 
3-mer±yl-4-hydroxT-5-t-butylpheayl sulfide 


73 


(3) 


2,2 '-fnetfayle&ebis(4-methyl-6-t^tylphenoJ} 


84 


(4) 


2-hycUoxy-Hl»li3,3-tetramethylburyl)-5- 
mcthylbemyl 3-xnethyl-4-hydroxY-5-t- 
butylphenyf sulfide 


90 



The results demonstrate the effectiveness of The cured stocks were examined for di«coi- 

a compound of this invention (4) as an ami- oration and staining. In the results described 

oxidant and shows its advantage over a com- below the raring is on a scale of 1 = very light 

pound of the prior an (2) and a commercial to 10= very dark where 0 represents no dis- 

15 bis-phenolic antioxidant (3). coloration, y= yellow and t= tan. 20 



Aging conditions 


Compound 0) 


Compound (3) 


Compound (4) 


15' NO t fumes 


4y 


5 t 


3 y 


2 weeks an roof' 


3y 


i y 


i y 


61 X Lacquer stain 
8 hrs* sunlamp 


off-white 


oo^white 


0 


61 K Lacquer stain 
8 his. sunlamp 


off-white 


off-white 


0 
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* ^l.^J ^^tc the «dvtnta« of 
a compound of thi, invention (4) in coaSner- 
«Jr important noiwliicoJorin^ propel 
over a compennd of the prior m(2^^ 

Example 9 

Thn example demonstrates the usefulness 
of compounds of this invention as stabilizer* 
for polyisoprene. 

A omimercial aVporyisoprene synthetic 
rubber canuining 2,6 . * . t - baW - |T 
aesol as a sabiluer was used as the base poly, 
raer. The polymer was dissolved in benzene so 
2 % Polymer solution. An ali- 
quot portion of a bemene solution of me com- 
p^d to be evaluated was added so as to pro- 
*jdc 1% by weight of the additive based upon 
fce weight of polymer in the solution. A thin 

chlonde disk by evaporating 10 drops of the 

Added Stabilizer 
(1) None 



1,148,550 



solution on the one-inch diameter disk. 20 

J^^A^Tn^ » * 130OC 
^ll^ t 7X * 30 «*tt». one hour and 
every hour thereafter. At each interval, the u> 
Jrared specoum of the polymer film waa ob- 

denccd by the appearance of a band a 5.85 a 
m*ejecwim caused by the developW of 
caAonyl groups m the polymer. The time of 
W required for the appearance of th^£urf 
mthe ispcctnjo intakenas the break time. The 30 
fcrS as stabilizers can 

^ o/ ^ ^y pro- 

bf,£f i 8 ?^ « determined 

-rw ttr ° 0Dyl development test. 
fJ^nT* 0 * ^wophotometry in 35 

^S?" ^ ^ ^ Cfew > J * 



Hours to break 



(2) 3-M«hyW-hy<Ir<«y-5-t-butyn,en2yl 

3- methyl-4.hydro!5y-5-t-btaylphcijyl sulfide 

(3) 2-Hydroxy-3-t-bui7J-5Haaethy)ben2yI 3-methrl- 

4- hydroxy.S.t.butyl.phenyl sulfide 



i/2 
4 



40 mi^d^^l^iL^f^Al"' ^J*: P?5»r salutioas « 130»C for one hour and 
rubber conttiEd iXnTthftt tested for Wioo. * 



Added Stabilizer 



Coke 



0) tS^tte^f 1 -^ 11 ^' 
^s^-4-h>T4rory-S-r-butyiphea y i 

C2) 2.hydroiy-3-t-bmyl-J.metl 1 ylbeai2Tl 
^m^yl-4-bydrosy-5-t-butylphtnyl 



yellow 



colorless 



ouT^ ^f'u^ * «nta«ion was carried 



Added Stabilizer 



0) 3>5^iisopropyt^hydrox7-benzyl 
5-methyl-4.hydroxy-5-t-botyI. 
phenyl sulfide 

(2) ^^°^^- bot y 1 - 5 ^ e *y«- 

penzyl 3>5-dnsopropyI-4- 
hydnuryphenyl sulfide 



Hours to break Color 



yellow 



colorless 



NOU 03 *99 17: 11 



703 418 0332 PPGE.30 



1 1 - 



3-99; 4:S4Pv;PTis S£EDFax 



?C3 *t8 0332 



* 31/ 31 



1,148,550 



10 



15 



20 



25 



30 



35 



40 



These resuhs show the significant advaarage 
in non- discoloring properties of the compounds 
of this invention over the prior art compounds 
without loss in antioxidant activity. 

WHAT WE CLAIM IS: — 

1. a chemical compound of the formula : 



wherein Ru R* and R, r epr e se nt alkyi groups 
hating from 1 to 12 carbon atoms, cydoalkyi 
groups having from 6 to 8 carboo atoms or 
aralkyl groups having from 7 to 9 carbon 
atoms, and wherein R* represents an alkyl 
group having from 1 to 12 carbon atoms, a 
cydoalkyi group having from 6 to 8 carbon 
atoms, or an aralkyl group having from 7 to 
9 carbon atoms, or hydrogen. ^ 

2. 2 - hydroxy - 3 - 1 - butyl - 5 - me thyl- 
benzyl 3,5 - diisopropyl - 4 - hydroxyphenyi 
sulfide. 

3. 2 - hydroxy - 3 - fa - methylbenzyn - 
5 - methyibcazyl 3 - methyl - 4 - hydroxy- 5 - 
t • burylphenyi sulfide. 

4. 2 - hydroxy - 3 - methyl - 5 - 1 - butyl- 
benzyl 3 - methyl - 4 - hydroxy - 5 - 1 - buryl- 
phenyi sulfide. 

5. 2 - hydroxy - 3 - t- butyl - 5 - methyl- 
benzyl 3 - methyl - 4 - hydroxy - 5 - 1 - buryl- 
phenyi sulfide, 

6. 2 - hydroxy - 3 - (1,1,3,3 - tet r a mct hyl- 
butyl) - 5 - methylbenzyl 3 - methyl - 4 - 
hydroxy - 5 - t - butylphenyi sulfide. 

7. 2 - hydroxy - 3 - 1 - butyl - 5 - methyl- 
benzyl 3 - methyl - 4 - hydroxyphenyi sulfide 

8. C ompoun ds as claimed in claim 1 speci- 
fically hereinbefore described. 

9. A method of preparing a compound 
represented by the formula: (I) given in claim 
1 wherein R„ Rg and R* have the mean- 
ings given in claim 1 which comprises reacting 
a compound of the formula 



h 

wherein R» and R- have the meanings given In 
claim 1 and X is a 2-bcn20thiazolyi group or 
an N.N-dialkyldiduocarbamate group of the 
45 formula 

S 



wherein R. and R, are lower alky! groups! with 
a rnezcaptophcnol of the formula 



0* 

Stf 



S-^H-NR.1 



wherein R, and R* have the meanings given 50 
in claim 1, and an alkali metal hydroxide. 

10. A process as claimed in claim 9 where- 
in the reaction is effected in an aqueous re- 
set ion medium. 

•11. A process as claimed in claim 9 or 55 
daioi 10 wherein the reaction medium con- 
tains a water-msscible organic solvent. 

12. A process as claimed in claim 11 where- 
in the organic solvent is a lower aDaaol or an 
ether. 60 

13. A process as claimed in claim 12 
wfaereia the organic solvent is methanol, 
ethanol, isopropaaol, dioxanc or ethylene glycol 
dimethyl ether. 

14. A process as claimed in claim 9 or 65 
claim 10 wherein the reaction is effected in a 
two-phase system. 

15. A process as claimed in claim 14 
wherein the two phase system is benzene-water 

or xylene- water. 70 

16. A process as claimed in any one of 
claims 9 to 15 wherein the alkali mecal hydrox- 
ide is sodium hydroxide, 

17. A process as claimed in any one of 
claims 9 to 15 wherein equxmeJar amounts of 75 
aexcaptcpthenol, dithiocarbamate and alkali 
metal hydroxide are employed. 

18. A process as claimed in any one of 
claims 9 to 17 wherein the reaction is effected 

at a temperature of from ambient te mpera ture 60 
to 100°C 

19. A process as claimed in claim 18 
wherein the reaction is effected at a tempera- 
tare of from 50°G to 100 o C. 

20. A process as claimed in any one of the 85 
claims 9 to 19 wherein R? and R« contain from 

1 to 5 carbon atoms each. 

21. A process as claimed In claim 9 sub- 
stantially as herein described 

22. A process as claimed in claim 9 sub- 90 
staodatty as herein described with reference 

to the foregoing Examples. 

23. 3,5 - diajkyl - 2 - hydroxybenzyl 3,5 - 
dialkyl - 4 - hydroxyphenyl sulphides when- 
ever prepared by a process as claimed in any 95 
one of claims 9 to 22. 

24. A composition comprising an organic 
material normally subject to oxidative deter- 
ioration and a compound as claimed in any one 

of claims 1 to S as an aoti-exidant 100 

25. A composition as claimed in claim 24 
wherein tbs said organic material is a plastic, 
fat or petroleum product 
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